We leveraged IDH wild type glioblastomas and derivative neurospheres to define tumor- cells in the glioma microenvironment, followed by CD4 T lymphocytes and neutrophils. analysis of 124 pairs of primary and recurrent gliomas showed expression subtype is 3 8 retained in 53% of cases with no proneural to mesenchymal transition being apparent. provided insights into the treatment-induced phenotypic tumor evolution. Proneural to 5 0 mesenchymal transitions have long been suspected but were not apparent, while 5 1 intratumoral heterogeneity was a predictor of subtype transition upon recurrence. peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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RESULTS

0 5
Harnessing glioma sphere-forming cells identifies GBM specific intertumoral 1 0 6 transcriptional heterogeneity 1 0 7
We set out to elucidate the tumor-intrinsic and tumor microenvironment independent 1 0 8 transcriptional heterogeneity of GBMs. We performed a pairwise gene expression 1 0 9
comparison of independent set of GBMs and the derivative glioma sphere-forming cells 1 1 0 (GSCs) (n = 37) (Galli et al., 2004) . In total, 5,334 genes were found to be significantly 1 1 1 higher expressed in parental GBMs relative to derived GSCs that could be attributed by 1 1 2 the tumor associated GBM microenvironment ( Figure 1A) . To focus the analysis on the tumor-intrinsic transcriptome, these genes were filtered from further analysis. GBMs Research et al., 2015; Ceccarelli et al., 2016; Noushmehr et al., 2010) . Using the 1 1 7 filtered gene set, we performed consensus non-negative matrix factorization clustering and PN. None of the three subgroups was enriched for the NE class, suggesting its neural phenotype is non-tumor specific. The NE group has previously been related to the tumor margin where normal neural tissue is more likely to be present (Gill et al., profiled using both RNA sequencing and Affymetrix U133A microarrays was 95% concordance ( Figure S2 , Table S2 ). This was an improvement over the 77% subtype concordance determined using previously reported methods (Verhaak et al., 2010b) .
We evaluated the distribution of somatic variants across all the three molecular We observed that 34/369 (9.2%) samples showed significant enrichment of multiple 1 4 5 ssGSEA scores (empirical classification p-value<0.05), suggesting these cases activate 1 4 6 more than one transcriptional subtype (Figure 2A) . To quantify this phenomenon, a 1 4 7 score ranging from 0 to 1 was defined to quantitatively evaluate the simplicity of subtype scores activated a single subtype and those with lowest simplicity scores activated 1 5 0 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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TCGA tumor pairs and nine of ten Henry Ford tumor pairs were performed and data
was analyzed using standard protocols and pipelines as previously described (Kim et al., which an Affymetrix HT-U133A gene expression profile was also available. We U133A profiles in eighteen cases and these were removed from further analysis. In were discarded from the gene list for developing tumor-specific molecular subtypes. Consensus non-negative matrix factorization (CNMF) clustering method identified three 4 6 8 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission. platforms were considered, and the U133A data from 162 GBM samples measured on difference between the ECDFs, which is similar to the one used in GSEA but is based and log-transformed U133A and RPKM expression levels were used as input for 4 9 1 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/052076 doi: bioRxiv preprint first posted online May. 8, 2016;  ssGSEA. Since the scores of the three signatures were not directly comparable, we 4 9 2 performed a resampling procedure to generate null distributions for each of the four 4 9 3 subtypes. First we generated a large number of virtual samples in which each gene 4 9 4 obtains its expression level by randomly selecting an expression value of the same 4 9 5 gene in the remainder of the samples. Then, the three ssGSEA scores for each 4 9 6 signature were calculated. Following this procedure we generated a large number 4 9 7 (>1,000,000) of random ssGSEA scores for each subtype, to build the null distribution multiple datasets with different sample sizes, we found the resampling generated defined as:
Similarly, the accumulative distance between non-dominant subtypes (ADNS) as:
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Tumor purity assessment
The ESTIMATE package was used to evaluate tumor purity on the basis of the
expression level of marker genes in stromal and immune cells (Yoshihara et al., 2013) ,
where the fraction of stromal cells and immune cells in each sample were represented
by stromal score and immune score respectively, and the mixed fraction of both stromal the order that they were acquired. Each tissue was enzymatically and mechanically any batch effect the downstream molecular analyses were performed on identical cell
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Affymetrix U133A gene expression arrays and RNA sequencing. The empirical -log(P-value) of 8 4 2 raw ssGSEA enrichment scores at each signature are shown as heatmaps, with dark blue 8 4 3
representing no activation and bright red as highly activated. peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
